Evaluation of oxidized low-density lipoprotein and large molecular size low-density lipoproteins in atherosclerosis.
To study the roles of modified low-density lipoprotein (LDL) and the molecular size of LDL in atherogenesis, the following studies were carried out. Eight white male rabbits fed a standard oriental diet with 1% cholesterol were used to isolate LDL and to observe changes in the molecular size of LDL due to cholesterol feeding. The tissue LDLs in the aorta were analyzed to confirm the existence of modified LDL (namely, LDL with peroxidized cholesteryl ester) by thin-layer chromatography. In addition, plasma LDLs were isolated from 18 patients with myocardial infarction and 11 patients with angina pectoris to confirm the existence of LDL with peroxidized cholesteryl ester. Each LDL separated consisted of 3 fractions; namely, IDL (1.006-1.018), LDL1 (1.019-1.052) and LDL2 (1.053-1.063) by sequential ultracentrifugation. The molecular sizes of LDL were measured by a planimeter from electron microscopic photographs, with negative staining. The estimation of peroxidized cholesteryl linoleate in LDL was performed using our method. The modified LDLs with peroxidized cholesteryl ester were poorly estimated in the LDL separated from the plasma of cholesterol-fed rabbits and from the aorta extraction after 16 weeks of feeding. The peroxidized cholesteryl ester was clearly identified in the plasma LDLs of the patients with myocardial infarction and angina pectoris, and in whole extracts from human aortic atheroma, although it was not clearly identified in the tissue LDL fraction. The molecular sizes of LDL1 enlarged week by week with cholesterol feeding, but two fractions of IDL and LDL2 did not change in size. The infusion of cholesterol-rich LDL of large molecular size or LDL with peroxidized cholesteryl ester into the vessels led to fixation, on the surface of the arteries of many platelets, red cells, and white cells, and to marked irregularities in the endothelial folds. The evidence suggests that atheromas, formed in a short period in rabbits with cholesterol feeding, are caused mainly by the increase in LDL1 of large molecular size, and that foam cells, formed in human atheromas, are caused mainly by the production of modified LDL with peroxidized cholesteryl ester.